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Abstract  
This paper examines historical trends in land-use transformation taking place in the farm-pond areas, one of the 
potential ecotourism sites, of Taoyuan Tableland, Taiwan. It demonstrates that irrigation system and urbanization are 
the key factors undermining and catalyzing changes in pondscape.  Therefore, land transactions increased overall 
transformation of land use in the entire areas. Unregulated urbanization has given rise to complex organic urban 
structures which predominantly expanding horizontally. The emerging land use pattern indicates a mismatch with the 
widely pondscapes and farmlands. Land use changes over two time periods, 1926 to 1960 and 1960 to 1999, were 
analyzed to demonstrate how enforcing land-use policies can influence the direction and magnitude of pondscape 
change. First, adoption of a grand canal irrigation system has resulted in the internal restructuring of agricultural land 
use from traditional farm-pond irrigation to more diversified water sources, such as the sources from ditch, canal, or 
reservoirs. Spatial dependency of pondscape changes could be identified between the northern irrigation system 
(Taoyuan Main Canal) from 1926 to 1960; and the southern irrigation system (Shihmen Main Canal) from 1960 to 
1999, later. The relationship between pond area and pond loss was calculated, illustrated, and discussed. A statistical 
model, logistic regression, was designed to examine how area-per-se effects of farm ponds have driven their loss in 
Taoyuan Tableland. 
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1.Introduction 
Computer-based Geographic Information System (GIS) technologies have developed predication 
models by simple linear approach for more than 40 years since at least the late 1960s. However, many 
critical reviews have indicated that some conventional models, usually based on multiple regressions, 
assume simple linear relationships between variables [1].  Based on linear principles, they produce 
exclusive results since the main processes that determine the level of geographic phenomenon are often 
non-linear [2].  To a limited extent, these methods are often rather inefficient after variable 
transformation when the data are non-linearly distributed.  In addition, there is no specific a priori 
mathematical tool for predicting geographic information, so the techniques used for prediction should 
also work for non-linear transformation.  In ecological or geological sciences, multivariate-based models 
relating environmental variables have been presented by several authors sometimes using non-linear 
transformations of independent or dependent variables to improve results [3]. Even so, the results are still 
insufficient, with a low percentage of variance explained.  Therefore, additive variables regarding 
landscape characteristics require that networks be interwoven for detailed studies. 
Farm ponds at both microhabitat and the landscape scales may be a relevant influence for explaining 
bird communities due to a habitat effect or more-moderate and complex effects [4]. According to habitat 
selection as bio-choices, farm-pond patterns associated with various microhabitats provide environmental 
clues that are used by birds to select stopover sites, such that farm ponds within the range of avian 
communities may potentially remain unoccupied or sub-occupied if they lack those clues.  Second, the 
appropriate microhabitats for a particular species in a guild might not be spatially constant if the habitat 
status changes the distance to the edge between pond cores to peripheral habitats, i.e., by water-table 
drawdown, farmland consolidation, or other anthropogenic influences.  Pond-species relationships, thus, 
are connected like a neural network with a non-parametric nature, as clues suggest [5]. 
Urbanization from anthropogenic influence causes fragmentation of farmland plots and wild lands in 
Taoyuan, Taiwan. However, few studies could be detected due to historical lifetime’s constraints.  
Currently about 3% of the surface of the Taoyuan Tableland is covered by buildings; however, areas 
containing the growing human population are becoming increasingly urbanized.  Apart from the period of 
first settlement in the 1650s after the end of the Chinese Ming Dynasty (1368~1644), the most serious 
landscape fragmentation from urbanization has taken place in the last 40 years. Urbanization has local 
effects on avian communities because of its persistence in the landscape and its dissimilarity to natural 
land cover. More importantly, the sprawl associated with many urban centres and the current tendency in 
Taoyuan to subdivide and settle formerly extensive ranches, wild lands, and farmlands means that 
increasingly large portions of the earth are fragmented by some form of human settlement.  For example, 
from the 1960s to the 2000s, rice paddy fields were replaced by constructed urban areas in the main 
irrigated areas of Taoyuan. Meanwhile, the number of rice field plots increased from 3,134 to 9,486, but 
the area of rice fields was reduced from 26,223 to 18,230 ha from 1982 to 1994, meaning that farmland 
areas had become fragmented due to urbanization [6]. In order to understand the process in the historical 
trends for pondscape change, this paper is essentially the first part of an integrated procedure for 
developing decision-making systems on land-use conversion.  This procedure was developed to produce 
a detailed conceptual model of farm ponds. 
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2.Methods and materials 
2.1.Methods 
We used SuperGIS£ 3.0, a spatial pattern analysis program made in Taiwan, to compute pond metrics 
for digital map patterns. This program was used for quantifying, analyzing, and interpreting the structure 
(i.e., area, shape, and edge) of the landscape in our study areas (Fig. 1).  
 
Fig. 1 A quantifying, analyzing, and interpreting process from SuperGIS. 
. 
Interpretation of pond change from 1904 to 1999 was be made when pond metrics were calculated 
from digital image files of five periods.  Supported by computer-based GIS, we used logistic regression 
approaches (maximum likelihood estimates) beyond simple regression to predict the likelihood of 
occurrence of remained and disappeared by Logit. The term Logit was first used by Berkson who took 
advantage of it for bio-assay calculations [7]. The Logit of a number p between 0 and 1 is plot of Logit in 
the range 0 to 1, base is e. If the likelihood of a pond loss is Pi, then the probability of an existing pond is 
(1-Pi). The Pi/(1 í Pi) is the corresponding odds, thus, providing an additive mechanism for combining 
odds-ratios.  Estimation and prediction by this method are called logistic regression. The logistic 
regression model is:  
Pi/(1-Pi)=eӪ0+ӪiXi or  ln[Pi/(1-Pi)] =Ӫ0+ӪiXi                                                                                         (1)  
where:  
x ln is the natural logarithm, loge, where e = 2.71828… 
x Pi is the likelihood that pond-loss occurs,  
x Pi/(1-Pi) is the “odds ratio”,  
x ln[Pi/(1-Pi)] is the log odds ratio, or “Logit”,  
x all other components of the model are the same, such as:  
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while  
yi = exp(ȕ0+ȕ1x1+...+ȕmxm)/[1+exp(ȕ0 +ȕ1x1+...+ȕmxm)] 
or   immiii xxxy EEEE  "22110                                                                                           (3)  
imi xx ,....1 are m variables by ith pond, the likelihood is justified by internal driving forces ms (i.e., 
size and shape).  Interpretation of logistic regression coefficients was made when variables were 
correlated to explain vanished conditions.  We removed some variables from this analysis because of 
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their slight correlation. Some vulnerable variables (i.e., highly correlated with disappeared ponds) were 
selected. Final variable coefficients with a 05.0dvalueP  were considered significant.    
2.2.Study areas and materials   
y Study Areas: Taoyuan Tableland, located approximately 40 km southwest of Taipei, is situated on the 
northwestern edge of the island of Taiwan and occupies an area of 757 km2 as based on elevational 
contours. This Tableland lies between the northern border of the Ling-Kou Tableland (23°05'N, 
121°17'E) and the southern border of the Hu-Kou Tableland (22°55'N, 121°05'E); it borders the town 
of Yinge in the east (22°56’N, 121°20’E) and the Taiwan Strait in the west (22°75’N, 120°99'E)(Fig. 
2).  It sits at elevations from sea level to 400 m and is composed of tableland up to 303 m and hills 
with sloping gradients from 303 to 400 m. It runs in a southeast-to-northwest trend, abutting 
mountains in the southeastern corner and the shore of the Taiwan Strait at the far end. With a high 
average humidity of 89%, the tableland is located in a subtropical monsoon region with humid winters 
and warm summers. January temperatures average 13 °C, and July temperatures average 28 °C. 
Annual average precipitation ranges from 1500 to 2000 mm. 
 
Fig. 2 Taoyuan Tableland (22°75’N, 121°10'E) and Taoyuan County’s political border (red solid part). 
 
Farm ponds are widely distributed across the Taoyuan Tableland because of its unique underlying 
geology and geomorphology. Tableland soils, composed of reddish-brown weathered gravelly clay layers 
are able to store water. The tablelands are covered by thick deposits of well-rounded sandstone gravel 
from 10 to 50 m thick and more recent laterite with slow percolation characteristics (4~12.1 mm/day). 
The region of our study area, “Taoyuan”, means “peach garden”, situated in a rich agricultural area 
where there used to be many peach orchards in the 19th century. However, at present, Taoyuan County is 
a regional commercial, industrial, and transportation market center of the 21st century (see the County’s 
border as red contour zone of Fig. 2).  Since the extent of urban development has rapidly increased, the 
Taoyuan metropolitan area is now one of the fastest growing areas among the five metropolitan areas of 
Taiwan. Currently, the population on the Taoyuan Tableland is 1,946,000 according to census data.  
y Materials: In order to investigate the major reasons for the changing processes that led to farm-pond 
loss, a landscape-based approach is necessary.  Since none of the multiple layers of digital maps (i.e., 
farm ponds associated with anthropogenic constructions) were created in the entire Taoyuan Tableland 
then, we decided to collect historical maps to build by ourselves.  However, only four publications of 
historical paper maps and one current digital map were preserved as the national archives, such as the 
first precious Japanese colonial maps, made in 1904, collected in National Central Library as well as 
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others was collected; made in 1926, in the Library of National Taiwan University; made in 1960 and 
1999, in the Chinese Cultural University. 
3.RESULTS 
3.1.Pond trends 
Spatial pondscape configuration was not static, but dynamic as aforementioned. Therefore, pondscape 
at a landscape scale was examined as a complex phenomenon throughout anthropogenic influences to 
form spatial heterogeneity in landscape scale [8]. Based on the “base pond” (chi-tang in Chinese) forms 
introduced by the ancient Hakka immigrants from the Chu River Delta of Guangdong Province in the 
18th century, descendants of the Ketagalan, Hakka, and the clans of Fujian evacuated ten thousand farm 
ponds in the tableland over the next 120 years. However, current pond loss was triggered partially from 
urbanization, and partially from the change of irrigation system. Pondscape and irrigation maps for 1904, 
1926, 1960, and 1999 are shown in Fig. 3.  
Farm ponds covered most of the study area except southeastern corner since 1904, and an urbanized 
dendrogram was developed along the eastern corridors in 1999. The first period of 1926-1960 witnessed 
northern pondscape changes in the region according to the irrigations. Irrigated and occupied with 
irregular rice fields, this northern area has been a significantly removed farm pond between 1926-1960, 
whereas the southern part was consolidated and occupied with large rice fields that reduced former farm 
ponds and watercourses between 1960-1999.  
 
 
Ponds (1904) Ponds (1926) 
 
Ponds with Taoyuan Main Canal 
System (1960) 
Ponds with Taoyuan and Shihmen 
Main Canal System (1999) 
 
Fig. 3 Taoyuan’s Pondcape trends from 1904 to 1999 in 20th century.  
  
This difference reflects the difference of reclamation and consolidation time. The northern part was 
pioneered with the large irrigation project of Japanese Colonial rule against laterite loamy clay in the 
early twentieth century, whereas the southern part had been reclaimed and reconsolidated gradually, over 
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time, chiefly by machine crops. Table I described measurements of three types of ponds: remain, loss, and 
increase in different periods of Tablelands. 
TABLE 1. The pond trends from 1904 to 1999 
 Status Individual No. Area per Pond 
(unit: ha)
Parameter per 
Pond (unit: m) 
1904-1926a Remained 2847 2.11±2.51 578±390 
Lost 762 0.82±1.12 352±234 
Increased 1377 0.69±1.36 304±228 
1926-1960 Remained 2643 1.85±2.38 507±321 
Lost 1878 0.94±1.26 358±229 
Increased 488 0.53±1.08 254±284 
1960-1999 Remained 1159 2.68±3.06 627±367 
Lost 2045 0.91±1.27 353±236 
Increased 500 0.63±0.86 308±188 
aBecause the scale issue of 1904 at 1:20,000 were different from that of mapping process with other periods at 1:2,5000 in my 
examined results; we did not address and compare the digital result of the period from 1904-1926 with that of other periods in the 
following sections. 
3.2.Pond losses 
y Pondscape change between 1926-1960: The proportion of pond area that underwent changes was 
as high as 25.3% among the total pond area of 1926. There were two major types of land use 
changes- conversion from farm ponds to built-up areas, and conversion from farm ponds to 
croplands. These two types of land use changes constituted about 56.1% of the total pond changes 
in the Taoyuan Tableland in 1926. Pond loss occurred among different types of changes during the 
period. The study area lost 3,732 ha of ponds from 1926-1999, which was 4.9% of the total 
tableland (see Fig. 4). Smaller pond areas underwent changes from water surface to croplands and 
built-up areas, such as urban and transportation.  
yPondscape change between 1960-1999ˍ In the second period of 1960-1999, 41.1% of the ponds were 
under changes, but agricultural land loss significantly decreased compared to that of the first period. 
The region had a total of 2,044 ha of farm-pond loss in 1960-1999, which was 2.7% of the total 
land. The amount of pond lost in 1960-1999 greatly increased to approximately 1.2 times of that in 
1926-1960. However, agricultural land loss did not stop completely, but took place at a smaller 
scale. A particular phenomenon was the existence of a large amount of urban lands in the whole 
region during the period of 1960-1999. Only a small proportion of the development sites in the 
early 1990s were further developed into built-up areas while the rest was left unjust sprawl. The 
conversion of excessive agricultural land was obvious because of the widespread existence of idle 
development sites. We, thus, confirmed that the present pattern of pondscape has been profoundly 
influenced by past urbanization, which in turn was also adapted to the local environment. Areas 
subject to consolidation with canal systems are occupied by few ponds, whereas areas subject to 
non-consolidation with curvilinear creeks and ditches are occupied by clumped-type ponds. 
511 Wei-Ta Fang and Yueh-Wen Huang /  Procedia Environmental Sciences  12 ( 2012 )  505 – 513 
Fig. 4 Pond losses between 1926-1960 (left side) and pond losses between 1960-1999 (right side).  
3.3.Logistic regression 
The overall-R2 for the 1926-1960 model was calculated.  Most of the signs on the coefficients remain 
consistent over time and meet expectations for the 1926-1960 model: the larger the pond size (PS), the 
few the likelihood of pond loss; the longer a parameter (Total Edge, TE) of a pond, the less likelihood of 
pond loss.  Pond size (PS) and pond parameter (TE) were tested as important independent variables to 
build a logistic regression model.  The Estimated Logistic Regression Model was calculated as:  
Logit (Y) = 1.90 -3.02PS + 0.01TE                                                                                                            
(4)  
Suppose we thought of the binary dependent variable Y in terms of an underlying continuous 
likelihood of pond-loss rate Pi, ranging from 0 to 1.  We performed Pi as the absence of each pond 
during the periods ranged from 1926 to1960 using binomial errors and logit link.  In this case, each 
model was estimated ȕ for a specific group (PS and TE), where: 
Logit (Y) = 1.90 -3.02PS + 0.01TE                                                                                                            (5) 
To calculate likelihood, transform the Logit using the following formula.  The result was illustrated as 
Fig. 5, the Log likelihood and R2 were calculated as Table II. 
 
Pi = Likelihood of pond loss (Y=group) = exp (1.90 -3.02PS + 0.01TE)/[1+exp (1.90-3.02PS + 0.01TE)] (6)  
TABLE 2.The log likelihood and R-Squared section 
Terms DF Log Likelihood R2 of Remaining Terms Reduction from Saturated 
R2 
All 1 -22.70 0  
PS 1 -16.88 0.26 0.74 
TE 1 -14.28 0.37 0.63 
None (Model) 2 -11.87 0.47 0.52 
None (Saturated) 100 0 1.00 0 
3.2. Determination of performance index 
The preliminary evaluation whose large portion is based 
on the heuristic knowledge should be guided in a prudent 
way. The published provisions and handbooks give us 
valuable procedure and guidelines for the evaluation of 
individual performance index. After interpretation of 
available data and analysis the resulting performance 
indexes are listed and reviewed for evaluation. However, 
deficiency and seriousness caused from multi-criteria 
cannot be easily assessed by listing the performance indexes 
in descending order as recommended by NEHRP handbook 
[5]. To overcome this problem the following considerations 
are made in the seismic evaluation of this study: 
1. Each performance index is expressed in terms of a 
normalized value for each performance criteria. 
Demand/capacity ratio and degree of irregularity are 
calculated first and then normalized. 
2. Category weighting factors and subcategory weighting 
factors are used to reflect relative importance among the 
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Fig. 5 Graph showed the three-dimensional surface resulting from different values of diagnostic scatter plots for pond likelihood 
loss rate (0.0-1.0) from 1926-1960 (Model N = 4,521, R2 = 0.47, d.f. = 3). Plots met expectations for the 1926-1960 model: the 
smaller the pond size, the more the likelihood of pond loss (R2PS=0.37, Į = 0.005, ȕ = 0.003, power = 0.997); the shorter a parameter 
of a pond, the more likelihood of pond loss (R2TE=0.26, Į = 0.005, ȕ = 0.003, power = 0.997).   
4.Discussion
The overall-R2 for the 1960-1999 was slightly statistically significant.  This result was not consistent 
with that expected from pond loss, in most cases, were assigned a regional heterogeneity on the lands 
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assigned. For example, the larger pond-loss in the northern region has driven to occur from 1960 to 1999 
because of international airport construction and urban development. The small ponds in the southern 
region have driven to disappear because of farmland consolidation from 1960-1999.  Therefore, results 
showed that the small pond loss were more likely to occur in early agricultural periods (1926-1960) 
because the replacement of canal irrigation system, capturing an important dynamic of the irrigated types 
in the region. However, while this land-use from surrounding pondscape became diverse and 
heterogeneous, the configuration of lost ponds was not statistically significant.   
 
5.Conclusion 
In our research, a statistical model was designed to examine how area-per-se effects of farm ponds 
have driven their loss in Taoyuan Tableland.  The study samples were focused on the digital data of pond 
areas and pond parameters between 1926 to 1960. Regarding to anthropogenic activities on the tableland, 
the R-Squared indicated that significant increases in pond size occurred with pond remains. On the other 
hand, the smaller pond as well as shorter in parameters had significant relationships with pond loss 
except for the period of 1960-1999. However, the remained mean pond size of 2.68 ha during 1999 was 
still to be detected larger than that of the remained mean pond size of 1.85 ha during 1960. The pond size 
trends suggested that small size could produce lost results.  According to the result, a logistical regression 
model was created in this research.   
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